Anomalous Behavior of Spin Systems with Dipolar Interactions
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> Spin systems realized by cold polar molecules
intrinsically interact by dipole-dipole interactions
> 1/r3 interactions in 2D are exceptional:

— Fourier-transform €, ~ |q| leads to
,anomalous  dispersion relations
— Not captured by Mermin-Wagner theorem

Realization of spin-model (in a nutshell)
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acquire dipole moment due to Epc

Dipolar interactions

> Non-analytic behavior of Lattice Fourier transformation for g — 0
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diverges If order of limits 1s changed and
violates Mermin-Wagner short-range condition

Mermin-Wagner theorem
A continuous symmetry cannot be spontaneously

broken In d < 2 dimensions at finite temperature .
n P . if|>" J; |R;j|"|converges
JFI

= €9 — 21 |q| + (’)(qz)

NN

can be obtained by
Ewald summation

Ising ferromagnetic phase
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Spin-wave analysis

2D Spin-Hamiltonian with dipolar interactions and anisotropy parameter 6
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hard-core boson mapping
via Holstein-Primakoff transformation
(easiest case: Ising Ferromagnet)
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spin-wave approximation (n;) < 1
neglect interactions between
excitations: njn; ~ 0

.,long-range tunneling “

Spin-wave excitation spectrum
by Fourier (and Bogoliubov) transformation
() part below

modifications of ground state energy
per particle due to spin-wave theory

(dashed: mean-field prediction)

Jjumps at critical angles 6. and 6,
could Indicate intermediate phases
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XY-antiferromagnetic phase

> long-range order at low T > frustration due to second-nearest

neighbors
> conventional linear Goldstone mode
> Kosterlitz- T houless transition to
quasl ordered state

> gapped, linear excitation spectrum
E:" = EfT 4+ ficlq| for g — 0

(compare to nearest neighbor spectrum ~ q2 for g — 0)

Ising-ferromagnetic phase

K > frustration due to second-

nearest neighbors
> |ong-range order at low T
> algebraic correlations in gapped system

> spin-wave dynamics described by
ballistic expansion with speed

(compare to usual spreading of wave-packets)

c = —2maJsin(0)

universal shape
of wave-packet

XY-ferromagnetic phase

> |long-range order at finite T!

(SrSr+51S)) = m?
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> spontaneously broken U(1) symmetry in 2D

> Mermin-Wagner requirements not fulfilled
> Spin-wave excitation spectrum

E;""~\/qG  (for g—0)

(compare to linear Goldstone mode in nearest-neighbor model and XY-AF phase)

suppression of the order parameter
A=(S)—1/2=(ala,)

008 T =0 (8=—-7/2)
finite

T >0
— oo for nearest neighbor model
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> spin-wave dynamics with

group velocity|vq ~ 1/./q

> (Gaussian wave-packet
of width o spreads
with speed v ~ ol

dipolar interaction favors
mean-field solution due to
additional ,,neighbors”
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